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This instrument is interfaced with an Ethos MicroSYNTH Lab Terminal PC running EasyWave reaction monitoring software. Using this reactor system, microwave (MW) irradiation can be applied to reactions using either power (wattage) control or temperature control. The MW reactor is equipped with a fiber-optic temperature sensor that allows direct monitoring of the internal temperature of reaction vessels and an infrared sensor (installed in the side wall of the reactor cavity) that can monitor the surface temperature of reaction vessels inside the cavity. Solvent depths of ca. 1 cm in the reaction vessel are required for accurate temperature monitoring using the submerged fiber-optic temperature sensor. The reactor is equipped with a magnetic stirrer that allows for stirring during MW-assisted reactions.
All full submersion, or "blanket-type", reactions on planar cellulose supports (except for initial amination to give support 1) were performed in the MicroSYNTH reactor using specialized 70 mL Teflon/polyetheretherketone (PEEK) reaction vessels. These vessels have appropriate holes in their lids to accommodate the fiber-optic temperature sensor in a protective ceramic sheath. This allowed for straightforward temperature control of the MW-assisted reactions. For parallel syntheses, one vessel was assembled with the temperature sensor as a reference vessel for temperature control, while the holes in the lids of the other vessels were sealed. The vessels were placed on a rotor within the reactor that rotates during MW-assisted reactions (shown in Fig. S1 ).
The initial amination reaction to give planar support 1 was performed in a shallow Pyrex dish on a rotating turntable inside the MicroSYNTH MW reactor using power control. Spatially addressed reactions on planar supports were irradiated using power control between two Weflon plates (20 x 20 x 0.5 cm) to increase the heating of the support. (Weflon is a polymer composite of Teflon impregnated with carbon black particles. This material is commercially available from Milestone, Inc. in a variety of shapes and sizes. 1 ) Power control, as opposed to temperature control, was used during these MW-assisted reactions because the low solvent volumes on the array prohibited accurate temperature monitoring with the fiber-optic sensor. (Note, however, heating protocols were developed first using temperature control by sandwiching the fiber-optic temperature probe between the two Weflon plates (one with a groove that fit the probe), ramping to a desired temperature using MW irradiation, and then holding at that temperature for a specified amount of time. The average wattages obtained during the ramp and hold times were then used in MW-assisted SPOT reactions to reproduce these heating curves.)
For the traditional solid-phase reactions, beads and a micro stir bar were placed in a Bohdan 4-mL solid-phase synthesis vessel (#MTB2001). The vessel was placed in a 70 mL Teflon/PEEK reaction vessel with the fiber-optic temperature sensor in a protective ceramic sheath. The stirrer was set to 20% of its maximum setting, and the reaction mixture was heated in the MW reactor utilizing temperature control (see Fig. S4 below) .
UV irradiation.
Photocleavage from planar supports and polymeric beads was carried out with a handheld UV lamp (C. Entela Mineralight; Lamp Model UVGL-58) at long wavelength (366 nm).
Derivatization of planar cellulose support.
Representative planar cellulose membrane amination protocol. A 15 x 18 cm sheet of Whatman 1Chr paper was immersed in 60 mL of 20% TFA in CH 2 Cl 2 for 5 min in a covered 2.6 L Pyrex dish (to swell the support). The solution was decanted and the sheet was dried under a stream of N 2 for 30 min and in a vacuum desiccator overnight at 25 °C. The sheet was then immersed in 100 mL of 2.0 M tosyl chloride in pyridine for 2 h. The sheet was washed by immersion in three consecutive baths of EtOH (50 mL, 5 min each), and dried under a stream of N 2 and in vacuo for 30 min each. Next, the tosylated cellulose support was immersed in 60 mL of neat diamine spacer unit, 4,7,10-trioxa-1,13-tridecanediamine, in a Pyrex dish. The dish was covered with a glass sheet and placed on the rotating platform of the MicroSYNTH MW reactor. The support was subjected to MW irradiation for 15 min at 300 W, after which the amine solution was carefully decanted from the support. The support was washed in a Pyrex dish (5 min each) by adding and then decanting 50 mL portions of EtOH, 1.0 M NaOH, H 2 O (2x), EtOH (2x), and MeOH (2x). The amine spacer-derived support (1) was dried under a stream of N 2 and in vacuo for 30 min each.
2 Amine loading was determined by standard Fmoc quantitation methods (see below). ). We routinely obtained amine spacer loadings of ca. 8 µmol/cm 2 using the above amination protocol.
Representative procedure for loading photo-labile linker on amino cellulose support. Dots were marked on a 6 × 8 cm sheet of amino support 1 at distances 1.2 x 1.2 cm apart using a #2 lead pencil. A 0.75 M coupling solution of photolinker was prepared by dissolving 4-{4-[1-(Fmoc-amino)ethyl]-2-methoxy-5-nitrophenoxy} butanoic acid (2, 39.0 mg, 0.075 mmol) and HOSu (8.7 mg, 0.075 mmol) in dry NMP (100 µL), followed by the addition of N,N'-diisopropylcarbodiimide (DIC) (10.8 µL, 0.075 mmol) and diisopropylethylamine (DIPEA) (26.2 µL, 0.150 mmol). The solution was allowed to preactivate at 25 °C for 15 min. Aliquots (3.0 µL) of this solution were pipetted onto ca. 30 individual spots on amine support (1). The planar support was sandwiched immediately between two Weflon plates ( Fig. S2 ) and subjected to MW irradiation at 300 W for 5.5 min (to ramp to 95 °C), followed by 100 W for 2.5 min (to hold at 95 °C), and then washed by immersion and swirling in 30 mL portions of DMF (3x) in a Pyrex dish on a bench top orbital shaker (simultaneously covered with a cardboard box to shield the support from light). The support was subjected directly to the next step. Note, the support was covered with a cardboard box to protect the photolabile linker from light in all room temperature steps hereafter.
Representative acetylation and Fmoc deprotection of pro-linker support.
A solution of 20% acetic anhydride and 10% DIPEA in DMF was prepared. Aliquots (3.0 µL) of this solution were pipetted onto the Fmoc-protected pro-linker support and allowed to sit at 25 °C for 20 min. This procedure was repeated, after which the support was washed by immersion and swirling in 30 mL portions of DMF (3x). A small section of the support was cut out, further washed with MeOH (3x), dried under a stream of N 2 . Two spots were punched-out of this section. One spot was subject to a Kaiser colorimetric test. 3 (In this test, a yellow colored spot indicated complete capping of residual amines.) The other spot was subjected to UV Fmoc quantification. The remaining support was subjected to "blanket-type" Fmoc deprotection by swirling in 20% piperidine in DMF for 10 min (2x). The support then was washed in 30 mL portions of DMF (3x) and MeOH (3x) and dried under a stream of N 2 and in vacuo for 30 min each to yield amine linker-derived support 3.
Representative coupling of N-α-Fmoc-4-nitro-L-phenylalanine (4) onto support 3. A 1.0 M coupling solution was prepared by dissolving N-α-Fmoc-4-nitro-L-phenylalanine (Fmoc-LNph-OH) (4, 34.6 mg, 0.080 mmol) and HOSu (9.2 mg, 0.080 mmol) in dry NMP (80 µL), followed by the addition of DIC (12.4 µL, 0.080 mmol), and DIPEA (27.8 µL, 0.160 mmol). The solution was allowed to pre-activate at 25 °C for 15 min. Aliquots (3.0 µL) of the solution were pipetted onto the ca. 30 spots of support 3. The support was sandwiched immediately between two Weflon plates and subjected to MW irradiation at 300 W for 6 min (to ramp to 100 °C), followed by 100 W for 4 min (to hold at 100 °C). The support then was washed by immersion and swirling in 30 mL portions of DMF (3x). A spot was removed for Fmoc quantification and the remaining support was subjected to acetylation and Fmoc deprotection as outlined above to generate amine-derived support 5.
Synthesis of model DKP product (10a) on planar cellulose support.
Representative Ugi 4CR on planar support 5. Neat cyclohexane carboxaldehyde and a 2.0 M solution of Fmoc-Gly-OH in DMF were mixed in a 1:4 volume ratio (~1:1 mole ratio) to make 25 µL (Solution A). A 4.0 µL aliquot of Millipore water was spotted onto amine-derived support 5, followed by 3.0 µL of Solution A and 1.2 µL of 1-isocyanocyclohexene/hexanes mixture (2:1 mole ratio by 1 H NMR). 4 The spotted support was allowed to sit at 25 °C for 10 min. This procedure was then repeated twice with reduced amounts of each reagent (i.e., 2.0 µL water, 1.2 µL Solution A and 0.8 µL isocyanide). Reducing the volume of reagents applied to the support during re-spotting prevented contamination between spots, while good conversion to Ugi product was maintained. The support then was washed by immersion and swirling in DMF, MeOH, DMF (2x) and MeOH (2x). Support 6 was dried overnight in a vacuum oven at 100 °C.
Representative methanolysis reaction on planar support 6. Support 6 was rolled into a tube and immersed in 22 mL of 10% AcCl solution in MeOH in 70 mL Teflon/PEEK MW reaction vessels (Fig.  S3) . The reactions were heated in the MW reactor to reach 80 °C in 5 min. This temperature was held using MW irradiation for 10-30 min. The solution was carefully decanted, and the support was washed with MeOH (3x) and CH 2 Cl 2 (1x) while inside the vessel. This methyl esterderived support (7) was dried under a stream of N 2 inside the vessel for Representative DKP formation on planar support 7. Methyl ester support 7 was placed in a Teflon watch glass and spotted with 3.0 µL of 20% piperidine in DMF and allowed to sit at 25 °C for 20 min. This procedure was repeated twice, followed by washing with DMF (3x) and MeOH (3x). The DKP array 9 was dried and acetylated using the method described above (to generate support 3).
Photocleavage protocol for DKP products. A spot of DKP array 9 was punched-out and placed in a glass vial containing 0.5 mL of MeOH. The vial was placed on an upturned, handheld UV lamp that was set on an oscillating shaker plate and irradiated at 366 nm for 16 h. The MeOH solution was collected and concentrated in vacuo. The resulting residue (10) a Based on integration of HPLC spectra with UV detection at 280 nm after cleavage; Error = ±2%. b Ratio of 8a takes into account ca. 5-15% DKP product 10a formed due to thermal cleavage of the N-Fmoc group (during oven drying prior to methanolysis) and subsequent cyclization after methanolysis. a Based on integration of HPLC spectra with UV detection at 280 nm after cleavage; Error = ±2%.
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Synthesis of model DKP product (10a) on photolinker-derived AM resin.
In an aluminum foil-wrapped Micro Bio-Spin Column (Bio-Rad, #732-6204), 201.6 mg (151.2 µmol) of Fmoc-aminoethyl-photolinker AM resin (0.75 mmol/g) was swelled in 2.4 mL of dry DMF for 20 min, followed by the addition of 0.6 mL of piperidine (to make a 20% solution). The supernatant was filtered after 20 min of agitation at 25 °C. The resin was washed with 2 mL of DMF, and then treated with 3.0 mL of 20% piperidine in DMF again for 20 min, followed by washing with 2 mL portions of DMF (3x) and MeOH (3x). The amino-linker resin was dried in vacuo for 1 h.
Five equivalents of Fmoc-L-Nph-OH (4, 328.1 mg, 756.0 µmol) and the coupling reagent Obenzotriazol-1-yl-N,N,N'N'-tetramethyluronium hexafluorophosphate (HBTU) (287.3 mg, 756.0 µmol) were dissolved in 1 mL of dry DMF, to which DIPEA (263.2 µL, 1.51 mmol) in dry DMF (756 µL) was added. The dark yellow mixture was allowed to sit at 25 °C for 5 min, after which it was added to the Micro Bio-Spin Column containing the amino-linker resin. The resin slurry was agitated for 4 h. The reagent solution was drained from the resin, and the beads were washed with 2 mL portions of DMF (3x), CH 2 Cl 2 (3x), and MeOH (3x), followed by drying in vacuo for 30 min. The resin tested negative for free amines using a Kaiser colorimetric test. 3 The Fmoc group was cleaved with 20% piperidine in DMF and the resin was washed using the same method described in the previous paragraph.
The Nph-derived resin was placed in an aluminum foil-wrapped, fritted extract-clean reservoir (Alltech, #210208), to which a solution containing 2.67 mL water, 133 µL cyclohexane carboxaldehyde, and 533 µL of 0.5 M N-Fmoc-Gly-OH solution in DMF was added. Next, a 333 µL aliquot of a 1-isocyanocyclohexene/hexanes solution (2:1 mole ratio by 1 H NMR) was added. The vessel was agitated for 45 min at 25 °C. The resin was washed with 2 mL portions of DMF S-8 (3x), MeOH (1x), CH 2 Cl 2 (1x), MeOH (2x), and CH 2 Cl 2 (2x), and dried overnight in a vacuum oven at 45 °C.
The resin was divided into two portions. Each portion was added into a Bohdan 4-mL solidphase synthesis vessel (#MTB2001) with a micro stir bar. The vessels were then submerged in 25 mL of 10% AcCl in MeOH in 70 mL Teflon/PEEK MW reaction vessels (see Fig. S4 ). The stirrer was set to 20% of its maximum setting and the reactions were heated to 80 °C in 4 min and held at this temperature for 10 min in the MW reactor. Temperature was monitored using the fiber-optic sensor that was submersed in the solution of one of these vessels. The vessels were then cooled in ice water for 5 min. This heating and cooling procedure was repeated twice. The resin was washed with 2 mL portions of MeOH (2x) and DMF (3x), and subjected to 2 mL of 20% piperidine in DMF at 25 °C for 30 min (2x), followed by washing with 2 mL portions of DMF (3x). Next, the resin was treated with 20% Ac 2 O and 10% DIPEA in DMF at 25 °C for 20 min (2x). The resulting DKP resin was washed with 2 mL portions of DMF (3x), MeOH (1x), CH 2 Cl 2 (1x), MeOH (2x), and CH 2 Cl 2 (2x), and dried in vacuo for 30 min.
Compound cleavage. The resin was placed in glass vials (20 mL) containing 3 mL of MeOH. The vials were placed on an upturned, handheld UV lamp that was set on an oscillating shaker plate and irradiated at 366 nm for 48 h. The MeOH solution was collected and concentrated in vacuo. An HPLC trace of the cleaved crude product is shown in Fig. S5 
UV calibration curve for model DKP product (10a).
A calibration curve was generated for the model DKP product 10a using the material described above synthesized on photolinker AM resin. A 2.49 mg portion of the white solid was dissolved in 1:1 H 2 O/CH 3 CN in a 10 mL volumetric flask to make a 0.64 mM solution. This solution was diluted 1, 2, 5, 10, 20, 50, and 100x with the same solvent mixture. HPLC spectra were obtained for the solutions, and the resulting UV intensities at 280 nm were plotted against the solution concentrations to yield the graph shown in Fig. S6 . 
Synthesis of 24-member DKP macroarray.
Synthesis of Ugi macroarray 6. Neat aldehydes and 2.0 M solutions of carboxylic acids in DMF were mixed in 1:4 volume ratios (~1:1 mole ratio) to make 25 µL. A 4.0 µL aliquot of Millipore water was spotted onto specific locations on amine-derived support 5 (24 spots, 1.2 cm x 1.2 cm grid), followed by a 3.0 µL aliquot of the pre-mixed solution of aldehyde and carboxylic acid and 1.2 µL of the 1-isocyanocyclohexene/hexanes mixture (2:1 mole ratio by 1 H NMR). The support was allowed to stand in darkness at 25 °C for 10 min. This procedure was repeated twice with reduced amounts of each reagent (2.0 µL water, 1.2 µL aldehyde/carboxylic acid mixture, and 0.8 µL isocyanide) to minimize contamination between spots due to spreading. The support was then washed by immersion and swirling in DMF, MeOH, DMF (2x) and MeOH (2x). The resulting Ugi macroarray 6 was dried in a vacuum oven at 100 °C overnight.
Synthesis of DKP macroarray 9. Support 6 was cut into 8 pieces, each containing 3 compounds. Each piece was placed in a 70 mL Teflon/PEEK MW reaction vessel. A 22 mL volume of 10% AcCl in MeOH was added to each of these reaction vessels. The vessels were sealed and subjected to MW irradiation (heated to 80 °C over 5 min; held at this temperature for 30 min). The solutions were carefully decanted from the vessels. The support sections were then washed with MeOH (3x) and CH 2 Cl 2 (1x) while inside the reaction vessels. After being dried under a stream of N 2 for 30 min, the pieces of support 7 were removed from the vessels and placed on a Teflon watch glass. Aliquots (3.0 µL) of 20% piperidine in DMF were spotted onto the individual spots of supports 7 and allowed to sit at 25 °C for 20 min. This procedure was repeated twice, followed by washing with DMF (3x) and MeOH (3x). The supports were dried and acetylated using the method described above. The resulting DKP array 9 was subjected to photocleavage as described below.
Photocleavage of DKP macroarray 9. Individual spots from DKP macroarray 9 were punched-out and placed in vials containing 0.5 mL of MeOH. Photocleavage was performed and the cleaved compounds (10) were isolated as described above for model DKP product 10a.
HPLC and LC-MS analysis of DKP products 10. DKPs (10) were each dissolved in 100 µL of CH 3 CN/H 2 O (1:1, v/v), filtered, and analyzed by HPLC and LC-MS. Method specifics: HPLC: solvent gradient of 15-95% B over 16.5 min followed by 9.5 min at 95% B. LC: solvent gradient of 15-95% B over 16 min followed by 4 min at 95% B. MS: positive ion mode was used for all samples. UV detection at 280 nm. HPLC and MS data can be found in the following section.
HPLC and MS data for 24-member DKP macroarray.
Peaks under an asterisk (*) are diastereomers of the major peak. Purity reported as combined data for both diastereomers. 
